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1.9 INTRODUCTION 

The ob jec t  of t h i s  s tudy i s  t o  develop polar imet r ic  methods t o  de- 

Lect t h e  presence of o p t i c a l l y  ac t ive  materials, p a r t i c u l a r l y  DNA 

(deoxyribonucleic a c i d )  o r  i t s  congeners i n  s o i l  suspensions . 
t h a t  such methods can be developed, t h e  determination of t h e  exis tence 

of l i f e  ( a s  known t e r r e s t r i a l l y )  on other  p l a n e t s  may be accomplished 

hy remote instrvment~atfon The c e t t c n  res icn  ef t h e  s p e c t r ~ ~ ~  assoc ia t ed  

w i t h  o p t i c a l l y  a c t i v e  biological  compounds i s  of p r i n c i p a l  i n t e r e s t  

here because of t h e  in t ense ly  high a c t i v i t y  i n  t h e  absorpt ion bands of 

such mater ia ls  

Provided 

I n  t h e  previous r e p o r t  t o  NASA (Second Q u a r t e r l y  Report, 20  March 

1963 t o  19  June 1963)9 it was pointed out t h a t  c e r t a i n  problem areas 

have mater ia l ized i n  using t h e  Rouy-type polarimeter.  Results i n d i c a t e  

t h a t  t h e  measurements performed upon t h i s  instrument are q u a l i t a t i v e  

r a t h e r  than quan t i t a t ive .  These problem areas are as follows: 

(a) The presence o f  r e f l e c t i n g  surfaces  which are located between 

t h e  p o l a r i z e r  prisms and analyzer prisms r e s u l t  i n  t h e  generation of 

e l l i p t i c a l l y  polar ized  l i g h t ,  The amount of t h i s  l i g h t  generated de- 

pends upon t h e  angle  with which the plane polar ized beam makes with t h e  

r e f l e c t i n g  surfaces .  

t h e  analyzer  prism, 

p o l a r i z i n g  prisms, t h e  posi t ioning of t h e  o p t i c  axis of t hese  prisms with 

r e spec t  t o  t he  r e f l e c t i n g  surfaces i s  c r i t i c a l .  If t h e  o p t i c  axes of 

t h e  po la r i z ing  prisms are a t  d i f f e ren t  angles with r e spec t  t o  t h e  re- 

f l e c t i n g  surfaces ,  d i fPe ren t  amounts of e l l i p t i c a l l y  polar ized l i g h t  

This e l l i p t i c a l l y  polar ized l i g h t  can pass through 

Since the Rouy-type polarimeter contains  two 



pass through the  analyzer prism. 

(b) The s ta te  of the  a r t  i n  preparing glan prisms has not  achieved 

t h e  s ta te  necessary f o r  making precise  op t i ca l  r o t a t o r y  measurements. 

The t r a n s m i s s i o n  of these  prisms decreases r ap id ly  a t  s h o r t  wavelengths 

as a funct ion of wavelength. 

glan prisms a t  f ixed wavelengths has proven impossible t o  match equal ly .  

I n  addi t ion,  t h e  transmission of any t w o  

Theoret ical  considerat ion of these  problems i n  t h e  new r a t i o  of 

e l e c t r o n i c  outputs , the difference t o  a constant,  i nd ica t e s  t h a t  t he  

measurement of o p t i c a l  r o t a t o r y  d ispers ion  should not be a f fec ted  . 
Cary model 15 spectrophotometer has been modified t o  perform these  

measurements. 

and reference chamber of the  spectrophotometer were i l l u s t r a t e d  i n  

f igu re  3 and f i g u r e  4 i n  the second q u a r t e r l y  r epor t  t o  NASA (20 March 

1963 t o  19 June 1963). 

The 

The polar imetr ic  components f o r  i n s e r t i o n  i n t o  the  sample 

Since t h e  buy-type polarimeter a t  present  i s  capable of giving 

only  q u a l i t a t i v e  r e s u l t s ,  t h e  e f f o r t  during t h i s  las t  per iod  has con- 

centrated on the  use of the  new e l ec t ron ic  ra t io ,  the  d i f f e rence  t o  a 

constant,  i n  obtaining quant i ta t ive  o p t i c a l  r o t a t o r y  d i spe r s ion  measure- 

m e n t s  of the o p t i c a l  a c t i v i t y  of aqueous e x t r a c t s  o f  s o i l .  

6 



2. BACKGROUND 

A complete t h e o r e t i c a l  development of t h e  new e l e c t r o n i c  r a t i o ,  

t h e  d i f fe rence  t o  a constant was presented i n  t h e  first q u a r t e r l y  

r epor t  t o  NASA (20 December 1962 t o  19 March 1963). 

r e a d i l y  be measured on a double-beam instrument i n  which one beam 

This r a t i o  can 

contains both a po la r i ze r  and an analyzer  prism, and t h e  o ther  beam 

contains only a po la r i ze r  pr i sm.  

analyzer a t  an angle  of (+e  ) and then a t  ( - 8 )  with respec t  t o  t h e  

o p t i c a l  a x i s  of t he  polar izer ,  o p t i c a l  r o t a t i o n  i n  t h e  presence of 

BY se t t ing  the o p t i c a l  ax is  of the 

absorption, s c a t t e r i n g  and c i r c u l a r  dichroism may be determined. 

The key t o  t h i s  method i s  t h a t  one beam of plane polar ized l i g h t  i s  

d i rec ted  through a sample and allowed t o  f a l l  on an analyzer  prism. 

The l i g h t  which passes through the  analyzer  then impinges on a photo- 

mul t ip l i e r  tube, The other beam following a path containing only 

the  polar iz ing  prism and sample a l s o  impinges on a matched photo- 

m d + , i p l i e r  tube, The r a t i o  o f t h e  cu r ren t s  which a r e  produced by 

the  photomult ipl ier  tubes r e s u l t s  i n  a func t ion  which i s  l i n e a r  

wi th  respec t  t o  the  opt ica l  a c t i v i t y  of t h e  sample. The r e l a t ion -  

sh ip  w3:.1.ch expresses t h e  r a t i o  of t h e  d i f fe rence  t o  a constant,  i n  

terms of o p t i c a l  a c t i v i t y ,  i s  represented by equation (1). 

where 

R = t he  r a t i o  of t h e  d i f fe rence  t o  a constant 

CX= angular ro ta t ion  of the  sample i n  rad ians  

t = t a n ' @ ,  where 8 i s  the  angle  between t h e  o p t i c a l  a x i s  of 

7 



t h e  analyzer  and t h e  o p t i c a l  a x i s  of t he  p o l a r i z e r  

AI( = difference i n  absorption c o e f f i c i e n t s  assoc ia ted  with 

c i r c u l a r  dichroism, t h e  unequal absorption of r i g h t  

and l e f t  c i r c u l a r l y  polar ized  l i g h t  by an o p t i c a l l y  

a c t i v e  sample. 

1 = path  length  

c = concentration of t he  o p t i c a l l y  a c t i v e  so lu t ion  

' In t h e  second q u a r t e r l y  report  t o  NASA (20 March 1963 t o  19 June 

1963), t he  problem of unequal transmission of t h e  glan po la r i z ing  prism 

a t  spec i f ied  wavelengths was considered i n  t h i s  r a t i o ;  it was shown 

t h a t  i n  con t r a s t  t o  t h e  Rouy approach, t h e  measurement of o p t i c a l  

r o t a t i o n  should/not be effected by t h i s  e f f ec t .  

I n  addi t ion ,  o p t i c a l  a c t i v i t y  can a l s o  be measured by using a 

simple r a t i o  i n  which t h e  op t i ca l  a x i s  of t h e  analyzer  i s  f i x e d  a t  an 

angle of e i t h e r  + 4s o r  - 45' degrees with respec t  t o  the  o p t i c a l  a x i s  

of t h e  polar izer .  This approach a l s o  permj-ts t h e  measurement of t h e  

o p t i c a l  a c t i v i t y  of a sample which e x h i b i t s  absorption, s ca t t e r ing ,  and 

c i r c u l a r  dichroism. 

i n  the  Appendix. 

i n  terms of angular r o t a t i o n  (") and t h e  d ichro ic  e f f e c t  ( A K )  by equation 

(2 )  o s  equation (3) ,  depending upon whether t he  angle  between t h e  o p t i c a l  

The t h e o r e t i c a l  development of t h i s  method i s  given 

The simple r a t io ,  R: (see Appendix) may be expressed 

a x i s  of t he  analyzer  and polar izer  i s  s e t  when a t  4 5  o r  -hs degrees, 

r e  spe c t i v e  ly, 

R '  = 1 - 2toc  [1 - -r2] ( A K ~ C )  

8 



considerat ion of t h e  unequal transmission of t he  glan po la r i z ing  prisms 

here  ind ica t ed  t h a t  i t  should not effeci; t h e  measuremerxt of o p t i c a l  

r o t a t i o n  by t h i s  method e i t h e r .  
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3. EXPERIMENTAL PROCEDURES 

A l l  r o t a t o r y  dispers ion measurements were performed on t h e  Cary, model 

15, spectrophotometer containing t h e  s p e c i a l l y  designed i n s e r t s  which were 

described i n  the  second qua r t e r ly  r e p o r t  t o  NASA (20 ?larch 1963 t o  19 June 

1963). The o p t i c a l  components which make up t h e s e  i n s e r t s  were a l igned  on 

an o p t i c a l  bench. The angular s e t t i n g s  of +45 and -45 degrees between t h e  

o p t i c a l  a x i s  of t h e  analyzer and p o l a r i z e r  were deterrniiied 337 m a  surement 

a t  t h e  sodium D l i n e  on the  Rudolph polarimeter,  model 70. 

t o  remove t h e  half-shade prism and t h e  p o l a r i z e r  t o  perform t h i s  operation. 

The sample i n s e r t  containing only t h e  po la r i z ing  prism was al igned i n  t h e  

Rudolph polarimeter. 

prism was determined by the  ro t a t ion  of the  analyzer  prism located within 

t h i s  polarimeter. The analyzer prism i n  t h e  Rudolph polarimeter was then  

e i t h e r  r o t a t e d  +45 o r  -45 degrees from t h i s  point.  

contained 

analyzer  prism. This prism was then ro+,ated u n t i l  a n u l l  was achieved. 

Thus, t h e  angle  between t h e  o p t i c a l  a x i s  of t h e  analyzer and p o l a r i z e r  

could be set  e i t h e r  a t  +45 or  -45 degrees. 

It was necessary 

The plane of polar ized l i g h t  emitted from t h i s  

The polar iz ing  prism 

within t h e  sample inser t  was removed and replaced by t h e  

Water, 0.15 N HC1, 0.15 N NaOH, and 0.5 N NaOH e x t r a c t s  of s o i l s ,  

obtained i n  t h e  v i c i n i t y  of Melpar, l a b o r a t o r i e s  were prepared i n  t h e  

following manner. 200 g of dried s o i l  was t r e a t e d  with 137.5 m l  of 

water, and r e s u l t i n g  mixture s t i r r e d  f o r  two hours. This was found 

t o  be s u f f i c i e n t  time f o r  r e sa tu ra t ion  of t h e  supernatant t o  occur. 

water-soluble e x t r a c t  was then separated from t h e  s o l i d  ma te r i a l s  by 

The 

centr i fuging i n  an In t e rna t iona l  centr i fuge.  

f r o n  t h e  s o l i d  material and f i l t e r e d  through aO.4S-micron 

The supernatant was decanted 

m,-liipore f i l t e r .  

10 



The volume of supernatant col lected was approximately 60 m l .  

cen t ra t ion  of dissolved components within the  water  so luble  e x t r a c t  was 

about 0.65 mg/ml. 

The con- 

The acid-soluble ex t r ac t  of s o i l  was prepared by adding 55 m l  of 

0.15 M ECl t o  50 g of dr ied so i l .  This mixture was s t i r r e d  f o r  18 

hours t o  ensure sa tu ra t ion  of the supernatant. 

natant  from the  s o l i d  mater ia l  was as described f o r  t'ne prepara-i;ion of 

t h e  water-soluble ex t r ac t  . The volume of acid-soluble e x t r a c t  co l lec ted  

Separation of t he  super- 

was 35 ml. The concentration of dissolved components i n  t h i s  ex t r ac t  

was found t o  be approximately 11.4 mg/ml. 

Both t h e  0.15 NaOH and 0.5" NaOH e x t r a c t  were prepared i n  a manner 

s i m i l a r  t o  t h e  acid ex t rac t .  Because of t he  nature  of these  ex t rac ts ,  

a Spinco, model L, preparat ive u l t r acen t r i fuge  was necessary t o  separate  

t h e  ex t r ac t  i n i t i a l l y  from the  s o l i d  mater ia l .  

of 40,000 r p m  from 1 hour. 

f o r  t h e  f i n a l  separation. 

"his s t e p  required a speed 

A 0 . 4 5 4 c r o n  mi l l i po re  f i l t e r  was a l s o  used 

The volume of both e x t r a c t s  co l lec ted  was 

around 33.8 m l .  

t r a c t s  was found t o  be 7.7 mg/ml. 

The concentration of dissolved components i n  these  ex- 

An ind ica t ion  of t h e  ex t rac t ion  e f f i c i enc ie s  of t he  va r ious  so lvents  

i s  received by noting t h a t  the o p t i c a l  measurements were performed on t h e  

water-soluble ex t r ac t  without any d i lu t ion .  The acid-soluble ex t r ac t  

required a d i l u t i o n  of 1:2 and a d i l u t i o n  of 1:lOO was required for t he  

base soluble  ex t rac ts .  

All o p t i c a l  ro t a to ry  dispersion measurements were repeated a minimum 

of t h r e e  times. 

d r i f t  i n  the  base l i n e  which was cmsed by using t h e  Cary spectrophotometer 

These repeated measurements were necessary because of a 

2.s a polarimeter. 
11 



Reagent-grade sucrose used i n  t h e s e  experiments was obtained from 

Fischer S c i e n t i f i c  Co. 

:?Il. of A grade c l a s s i f i ca t ion ,  were obtained from Cal Biochem. 

D and L t a r t a r i c  acid,  adenosine and L tryptophan, 

12 



11.0 RZSIJLTS 

Although Lhe t h e o r e t i c a l  development of t h e  e l e c t r o n i c  r a t i o ,  t h e  

difference t o  a constant,  o r  the simple r a t i o ,  i nd ica t ed  t h a t  po la r ime t r i c  

wasurement could he made on o p t i c a l l y  a c t i v e  substances i n  t h e  co t ton  

region of t h e  spectrum, experimentation was necessary t o  prove t h e  

v a l i d i t y  of t hese  t h e o r e t i c a l  considerations.  

To be ab le  t o  apply both the  r a t i o ,  t h e  d i f f e r e n c e  t o  a constant,  

and t h e  simple r a t i o ,  t h e  ang;le between the o p t i c a l  a x i s  of t h e  a w l y z e r  

and po la r i ze r  had t o  be s e t  a t  +45 a n d  t h e  -45 degrees,  Measurements 

indicated t h a t  t h e  transmission of t h e  Glan analzyer prism w a s  not t h e  

same a t  each of t h e s e  se t t i ngs .  'These r e s u l t s  are shown i n  f i g u r e  1, 

AlthouTh the S p e c t r a l  absorpticns of both prisms are superimposable 

f o r  both s e t t i n g s ,  t h e  angular s e t t i n g  f o r  +45 degrees had a transmission 

of about 3 pe r  cent g r e a t e r  than t h a t  o f  t h e  -45 degrees over t h e  s p e c t r a l  

range examined. 

This r e s u l t  lead us  t o  concentrate on the  simple r a t i o ,  s ince  t h e  

simple r a t i o  requires  only one angular  s e t t i n g  of e i t h e r  +45 deqrees o r  

-45 degrees between o p t i c a l  axis of t h e  analyzer and p o l a r i z e r ,  i n  con- 

trast t o  t h e  use of t h e  diPference t o  a constant r a t i o ,  which r e q u i r e s  

t h e  use of both angular settinTs. I n  addi t ion,  f o r  me given angular 

se t t ing ;  between t h e  o p t i c a l  axis of t h e  analyzer and p o l a r i z e r ,  t h e  

ahsorption term (e-kc) associated with t h e  absorption of plane-polarized 

l i g h t  by t h e  analyzer prism cancels when considered i n  E and !A of I 

equation 1 (See appendix). 

2, where a comparison i s  made between t h e  transmission of t h e  po la r i z ing  

Evidence of t h i s  absorption i s  show i n  f i g u r e  



R6851 

Figure 1. Transmission of Polarizer and Analyzer with Angular 
Settings Between Their Optical Axis of (1) 4 5 "  and (2) -45" 
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Figure 2. Transmission of Polarizer and Analyzer with Their Optical Axis 
Parallel: (1) Percent Transmission of Polarizer and (2) Percent 
Transmission of Polarizer and Analyzer, Optical Axis Parallel 
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prism and t h e  transmission of both t h e  po la r i z ing  and analyzer prisms 

f o r  which t h e i r  o p t i c a l  axes are p a r a l l e l .  

It was a l s o  des i r ab le  t o  determine whether a l l  of t h e  l i g h t  pass ing  

This was accomplished through t h e  polar iz ing  prism was plane polarized. 

by s e t t i n g  <ne o p t i c a i  axes of t'ne p o l a r i z e r  and anaiyzer perpenciicuiar 

to one mother .  

3* 

prism occurs a t  about 585 mp. 

loe2. 

unpolarized becaWe the  t o t a l  percent  transmission a t  this wavelength 

f o r  an angular s e t t i n g  of 45 degrees between t h e  o p t i c a l  axis of t h e  

analyzer and po la r i ze r  is 12.3. 

The r e s d t s  cf these  ?n.easwxcents a r e  sham i n  figure 

The maximum amount of unpolarized l i g h t  pass ing  through t h e  analyzer 

The percent t ransmission is about 1.7 x 

This ind ica t e s  t h a t  only O.l.45 of t he  plane-polarized beam is 

To t e s t  t h e  v a l i d i t y  of measuring u p t i c a l  r o t a t i o n  by t h e  simple 

r a t i o  a s  represented by equation ( 2 )  and equation (3)  (See sec t ion  2.0), 

t h e  o p t i c a l  a c t i v i t y  of sucrose was m e w r e d  i n  t h e  wavelength range from 

650 mp t o  290 mp. 

t h e  o p t i c a l  axis of the analyzer was s e t  a t  +bs degrees t o  obta in  a s  much 

transmission of plane-polarized l i g h t  through t h e  prisms a s  possible .  

For t h i s  angular s e t t i ng ,  the r e l a t ionsh ip  between the simple r a t i o  and 

o p t i c a l  ac t5v i ty  is represented by equation (2) .  

h i b i t s  no absorption peak i n  t h i s  wavelength region, t h e  d ichro ic  term 

( A K )  i n  t h i s  equation can be considered negl ig ib le ,  

measurements f o r  two sucrose so lu t ions  which were prepared t o  give a 

two-dcyree and four-degree ro t a t ion  a t  t h e  sodium D l i n e  a r e  shown i n  

For this s e r i e s  of measurements, the  angle between 

Because sucrose ex- 

The r e s u l t s  of t hese  

16 
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f i g u r e  4. 
from t h e  s p e c i f i c  r o t a t i o n s  of sucrose obtained from t h e  l i t e r a t u r e  

(TTandbook of Chemistry and Physics, 35th Edition, Chemical Rubber Pub- 

l i s h i n g  Co., p. 2734). 

culated from t h e  l i terature  i s  i n  agreement with those o5tained by 

measurinn: t h e  sirnple ratio. The r e p r o d u c i b i l i t y  of  these measurements 

The t r i a n y u l a r  points represent  t h e  angular  r o t a t i o n s  ca l cu la t ed  

Figure 4 shows t h a t  t he  angular  r o t a t i o n  cal- 

_I i d  T7< y v J  t h 4  U L I L l l  n V e l  f Am--,,- uGglt;t;a. r11L- ~ ~ ~ ~ ~ e t i c d .  --- considerations,  itowever, i n d i c a t e  

t h a t  t h e  Cary, model 15, spectrophotometer should give agreement within 

0.1 degrees a t  an angular s e t t i n g  of +45 degrees between t h e  o p t i c a l  

axes of the  analyzer  and polar izer .  The reason f o r  t h i s  discrepancy 

appears t o  be a d r i f t  i n  t he  instrumental  base l i n e .  The pos i t ion ing  

of  a po la r i z ing  prism i n  t h e  reference beam of t h i s  spectrophotometer 

causes t h i s  d r i f t  because the  automatic s l i t  con t ro l  depends upon t h e  

transmission of t h e  reference beam. The prism i n  one reference beam 

absorbs strongly,  t he  s l i t  opens t o  balance t h e  c i r c u i t ,  and above a 

slit width of 0.25 mm t h e r e  appears t o  he poor r ep roduc ib i l i t y .  

t h e  u l t r a v i o l e t  region of t he  spectrum, t h i s  s h i f t  i s  even more pro- 

n3ilncec' hecause t h e  transmissicn of t h e  Glan prisms i s  below 10 per- 

cen t ,  Eased upcn t h e  f ind ing  above, t h e  Cary spectrophotometer was 

ussd as a sinele-bean instrument f o r  so lu t ions  wi th  an o p t i c a l  d e n s i t y  

above 0.5. 

desiqnated by equation (1) (see appendix) w a s  measured separately.  

I n  

I;, o the r  words, each i n d i v i d w l  transmission ( E )  which i s  

From equation ( 2 )  or  equation ( 3 )  (See Sect ion 2), t h e  simple r a t i o  

( i Z ' j ) y  p lo t t ed  as a funct ion of angular r o t a t i o n s  ( a ) ,  should be 

symmetrical about 1 when t h e  angle between t h e  o p t i c a l  axis of t h e  
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Figure 4. Optical Rotatory Dispersion Spectra of Sucrose: + - +, 4.01 Degrees 
at Sodium D Line; . - ., 2.01 Degrees at Sodium D Line; P - A,  
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analyzer  and p o l a r i z e r  i s  s e t  a t  e i t h e r  +45 o r  -4.5 deqrees.  

becduse t h e  cos 2 Q term i n  equation (7)  (See appendix) becomes zero.  

dxperimentally, t h i s  may be shown t o  be v a l i d  i n  the  following manner. 

The an9ular  r o t a t i o n  of t h e  D and L form of t m t a r i c  ac id  should be of 

the  same magnitude, but  d i f f e r e n t  i n  sign. The o p t i c a l  r o t a t o r y  d ispers ion  

curves f o r  10% s o l u t i o m  of D and L t a r t a r i c  a c i d  f o r  t h e  wavelength 

range from 3.50 t o  250 

the  angular r o t a t i o n  f o r  both forms of t a r ta r ic  ac id  are the same, b u t  

opposite i n  sign. 

This i s  

a r e  shown i n  f i g u r e  5. For a given wavelength, 

I n  t h e  t h e o r e t i c a l  development of  t h e  simple r a t i o ,  an assumption 

t h a t  t h e  s c a t t e r i n g  term (2) i n  equation (ha) o r  equaticn (4b) (see 

appendix)may be neglected because t h i s  q u a n t i t y  i s  small compared t o  t h e  

t o t a l  i n t e n s i t y  as seen by the photomult ipl ier  tube.  

experimental evidence t o  ind ica te  t h a t  t h i s  assumption i s  val id .  

water-soluble e x t r a c t  of s o i l ,  when f r e s h l y  prepared, i s  c l ea r ;  upon 

s t a v d i n r  overnight, however, it becomes cloudy. Absorption measure- 

ments upon t h e  c l e a r  and cloudy e x t r a c t  i n d i c a t e  both curves t o  have 

t h e  same shape but with a difference i n  o p t i c a l  densi ty .  Figure 6 shows 

these  a5sorption curves. Based upon these  ohservations,  it appears 

t h a t  f i n e l y  divided p a r t i c l e s  of s i l i c a  p r e c i p i t a t e  and s c a t t e r  l i g h t .  

Optical  r o t a t o r y  measurements by t h e  simple r a t i o  i n d i c a t e  no d i f f e rences  

i n  angular r o t a t i o n  between these so lu t ions .  

measurements are shown i n  f igure  7. rhus, it appears t h a t  t h e  presence 

af p a r t i c l e s  capable of  s c a t t e r i n g  l i g h t  have no e f f e c t  on t h e  measure- 

ment of o p t i c a l  a c t i v i t y  by the s i n p l e  r a t i o  technique. 

There i s  some 

The 

rhe resul ts  of t hese  
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Further examination of f igure  6 r evea l s  an absorption peak a t  

approximately 250 mp f o r  both ihe clear and cloudy s x t r a c t .  

7 ,  t h e r e  a2pears t o  be a cotton e f f e c t  a s soc ia t ed  with t h i s  absorpt ion 

peak with a minimum a t  255 mp and a maximum a t  approximately 244 mp . 
The s p e c i f i c  r o t a t i o n  a t  t h i s  minimum i s  calculated t o  be approximately 

+4 -3.7 x 10 degrees. 

From f i g u r e  

Figures 8 and 9 show t h e  absorption and t h e  o p t i c a l  r o t a t o r y  d i s -  

persion x r v e ,  respect ively,  f o r  t h e  acid e x t r a c t  of s o i l .  Comparison 

of' the curves i n  t h e s e  two f igu res  with f i q u r e  7 i n d i c a t e s  t h a t  t h e  

a k o r p t i o n  peak i s  s t i l l  present a t  250 mp, whereas t h e  cot ton e f f e c t  

'is no lonqer  apparent. It aspeared t h a t  substances present  i n  t h e  

wafer-soluble e x t r a c t  were hydrolyzed i n  ac id  solut ion.  

t h i s  cmclus ion  f u r t h e r ,  t h e  s p e c i f i c  r o t a t i o n  f o r  t h e  acid-soluble 

e x t r a c t  a t  255 mpwas calculated t o  be approximately -4.7 x 10 

'This i s  a considerable decrease i n  s p e c i f i c  r o t a t i o n  when compared t o  

tnaf, o f  the  water-soluble ex t r ac t ,  -3.7 x 10 degrees. 

T o  s u b s t a n t i a t e  

3 degrees. 

4 

Altnough t h e  acid-soluble e x t r a c t  has a lower s p e c i f i c  r g t a t i o n  

than the water-soluble ex t rac t ,  t h e  components i n  t h e  s o i l  are fa r  more 

P d u b i e  i n  a c i d  so lu t ion .  l'he concentrat ion of a sa tu ra t ed  s o l u t i o n  

of the  acid-soluble components w a s  found t o  be 11.4 mg/ml, whereas a 

saturated s o l u t i o n  of t h e  water-soluble components was only 0.65 mq/rnl. 

The absorption and op t i ca l  ro t a to ry  dispers ion curvzs f o r  t h e  base- 

so lub le  e x t r a c t  o f  s o i l  are presented i n  f i y u r e s  10 and 11, respec t ive ly .  

Separate  samples of s o i l  were t r e a t e d  with 0.15 N NaOH and 0.5 N. NaOH 

so lu t ions .  Recause any R U  and DNA presen t  i n  the  s o i l  are normally 
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found i n  t h e  humic ac id  fract ion o r  base-soluble e x t r a c t  of s o i l  (Go 

Anderson, S o i l  Science, - b8, 169 (195;8), it was expected t h a t ,  by us ing  

the  more bas i c  so lu t ion ,  any RNA present  i n  t h e  s o i l  would hydrolyzed. 

Thus, t h e  angular  r o t a t i o n s  f o r  0,5 N NaOH extract would be more p o s i t i v e  

than f o r  t h e  0.15 N NaOH ex t r ac t ,  

t h e  d i spe r s ion  curve f o r  adenosine i n  f i g u r e  1 2  i n d i c a t e s  p o s i t i v e  

r o t a t i o n s  i n  tine wavelength region from 260 t o  2.30 mp . 
e x t r a c t ,  however, does not appear t o  have any measurable r o t a t i o n  i n  

t h i s  wavelength region except below 240 mp, where it e x h i b i t s  negative 

ro t a t ions .  It appears as i f  the more b a s i c  s o l u t i o n  is  capable of 

destroying the  o p t i c a l  ac t iv i ty .  

f o r  both extracts i n  figure 10  ind ica t e s  t h a t  they are superimposable, 

suggesting t h a t  t h e  same chromophores are s t i l l  present  i n  both e x t r a c t s .  

This  i s  based upon t h e  f a c t  t h a t  

-_ 'me more bas i c  

A comparison of t h e  absorption curves 

It may be t h a t  negative r o t a t i o n s  observed f o r  the  acid-soluble and 

t h e  0.5 N NaOH e x t r a c t  could be caused by t h e  presence of p ro te ins  o r  

i t s  hydrolysis  products, since t h e  r o t a t o r y  d i spe r s ion  course of L- 

tyrphophane ( f igu re  13) a representat ive p r o t e i n  component, shows s t r o n g  

negative r o t a t i o n ,  

29 
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5 0 CONCLUSTONS 

The d a t a  presented ind ica tes  t h a t  t h e  t h e o r e t i c a l  development 

of t h e  e l ec t ron ic  simple ratio f o r  ob ta in ing  o p t i c a l  r o t a t o r y  d i s -  

pers ion  measurements is  val id .  Common instrumental  problem w e a s ,  

such a s  the  unequal transmission of t h e  glan p o l a r i z i n g  prisms, 

which render the Rouy-type polarimeter a q u a l i t a t i v e  h~sL--iu7ierit, 

do r;ot appes tc zfffect +.he nptlca.1 r o t a t i o n  measurements by t h e  

simple r a t i o  technique, 

The use of t h e  C a r y ,  model 25, spectrophotometer as a po la r i -  

meter can introduce e r r o r s  as l a r g e  as 0,s degrees i n t o  t h e  measure- 

ment of o p t i c a l  r o t a t i o n s  because of t he  automatic s l i t  control .  

These e r r o r s  are t h e  r e s u l t  of a d r i f t  in t h e  base l i n e .  

measurements on t h e  same sample, however have reduced t h i s  uncer ta in-  

t y  t o  about 0.1 degrees. 

Several  

The results of t h e  op t i ca l  r o t a t i o n  measurements on water,  acid,  

and bas ic  so lub le  e x t r a c t s  of s o i l  i n d i c a t e  that t h e  s p e c i f i c  r o t a t i o n  

a t  255 mp f o r  o p t i c a l l y  ac t ive  compcnents i n  t h e  0.15N H C 1  and 0 , g  

NaOH a r e  lower than the ro t a t ions  found f o r  t h e  water-soluble and 

0.15N NaOH ex t r ac t s ,  

A comparison of t he  r o t a t o r y  d ispers ion  curves f o r  both bas i c  

e x t r a c t s  shows t h a t  they a r e  d i f f e r e n t  i n  t h e  wavelength region f r o m  

280 t o  230 q ~ .  

measurable ro t a t ion ,  even though t h e  absorpt ion curves f o r  both ex- 

The more basic extract does not  appear t o  have any 

t r a c t s  are superimposable. This evidence suggests t h a t  t h e  use of t h e  

more bas ic  ex t r ac t ion  process r e s u l t s  in hydrolysis  of chemical bonds 

respons ib le  f o r  the o p t i c a l  a c t i v i t y  of t h e  0.15N NzOH ex t rac t .  
~ 
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The p o s i t i v e  r o t a t i o n s  observed f o r  0.19 e x t r a c t  in  the  wavelength 

region from 260 t o  230 &L ind ica te  t h e  poss ib l e  presence of nuc le ic  

ac ids  o r  t h e i r  der iva t ives .  

s ine  i n  this wavelength region a l s o  exh ib i t s  p o s i t i v e  ro t a t ions .  

"his i s  based upon the  f a c t  t h a t  adeno- 
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6.0 SUMMARY 

An apparatus has been designed and incorporated i n t o  t h e  C a r y ,  

model 15, spectrophotometer which permits  premeasurement of o p t i c a l  

r o t a t i o n  i n  media which exhib i t  absorption, s c a t t e r i n g  and c i r c u l a r  

dichroism. 

The o p t i c a l  r o t a t o r y  dispers ion measurements performed on so lu t ions  

o f  sucrose, D atid L tartaric acid, azd xater-soluble ext.ract nf s o i l  

have es tab l i shed  the  v a l i d i t y  of t h i s  development. 

Opt ica l  ro t a to ry  dispers ion measurements have a l s o  been obtained 

The t h e o r e t i c a l  development of t h i s  approach is presented, 

on pure water, O.1SN HC1, 0,lSN NaOh and 0.SN NaOh so lub le  e x t r a c t s  

of s o i l ,  

water and acid-soluble ex t rac ts  of s o i l  exh ib i t  negative o p t i c a l  ro- 

t a t i o n s .  

r o t a t i o n  i n  t h i s  wavelength region. 

no measurable r o t a t i o n  i n  t h i s  wavelength region. 

ever,  t he  more bas ic  extract  negative ro t a t ions .  

and 0,SN NaOh so lu t ion  as ex t rac t ion  agents  resu l ted  i n  a decrease 

i n  t h e i r  spec i f i c  ro t a t ions  when compared 

and t h e  O.1SN NaOH ex t r ac t ,  For the  basic ex t r ac t s ,  t h e  use of  t he  

more bas ic  so lu t ion  apparently r e s u l t s  i n  a rupture  o f  t he  chemical 

bonds responsible f o r  t h e  op t i ca l  a c t i v i t y  i n  t h e  less bas i c  ex t r ac t .  

The pos i t i ve  ro t a t ions  obtained f o r  t h e  less bas ic  e x t r a c t  may be 

caused by the nuc le ic  ac ids  or t h e i r  der iva t ives .  

both RNA and DNA, as w e l l  as t h e i r  monomucleotides, W i l l  be t r e a t e d  

with 0.5N NaOh t o  determine what e f f e c t  t h i s  base has on t h e  d ispers ion  

curves . 

I n  the  wavelength region from 230 t o  280 mp, both the  

The O.1SN NaOh ex t r ac t  of s o i l  shows a p o s i t i v e  o p t i c a l  

The O.SN NaOh extract i n d i c a t e s  

Below 240 mp, how- 

The use of t he  ac id  

r e spec t ive ly  t o  the  water 

I t  is  planned t h a t  i 
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The reason for t h e  acid-soluble e x t r a c t  having a lower s p e c i f i c  

r o t a t i o n  than the  water-soluble e x t r a c t  w i l l  a l so  be explored. S ince  

both these  e x t r a c t s  have negative s p e c i f i c  ro t a t ions ,  t h e  p o s s i b i l i t y  

t h a t  p ro t e ins  o r  t h e i r  hydrolysis products are the  cause of t hese  

nega t i i  e r o t a t i o n s  w i l l  be invest igated.  

The adaptat ion of  the  C a r y  spectrophotometer f o r  these measure- 

ments has given r i s e  t o  an i n s i i ~ u i ~ i ~ n t ~ t l ~ r i  p~cblern. 

d r i f t i n g  of the  base l i n e  due t o  t h e  e l ec t ron ic  components assoc ia ted  

wi th  t h e  automatic s l i t  control  and readout. 

problem may be overcome by obtaining the  output  of t h e  sample and re- 

fe rence  phototubes d i r ec t ly .  

%.is is the  

It is  hoped t h a t  t h i s  



7.0 PROGRAM FOR NEXT PERIOD 

The work performed during the  pas t  r e p o r t  period was di rec ted  

toward two objec t ives  : (1) val idat ion of t h e  t h e o r e t i c a l  conclusions 

reported i n  t he  previous period, t h a t  is, t h e  use of the  e l ec t ron ic  r a t i o  

described a s  the  "difference t o  a constant1t and the  s impl i f ied  r a t i o  of 

the  at tenuated energy of a s ingle  polar ized  beam divided by the unat tenuated 

polar ized beam; and (2)  development of p r a c t i c a l  systems and processes 

f o r t h e  rap id  and e f f i c i e n t  ex t rac t ion  of o p t i c a l l y  a c t i v e  substances 

from s o i l .  

Both of these  object ives  were achieved; t h e  minimum information 

required f o r  e s t ab l i sh ing  the f e a s i b i l i t y  of t h i s  approach t o  de tec t ion  

of e x t r a t e r r e s t r i a l  o p t i c a l  a c t i v i t y  has been obtained, Effect ive 

boundary conditions, however, must be es tab l i shed  before firm engineer ing 

design goals  can be defined. 

be d i rec ted  toward the  quant i ta t ive  expl ica t ion  of t h e  processes out- 

l i ned  during the  present  work period, 

dispers ion spectra  of pure RNA, DNA!, etc .  subjected t o  the  var ious 

ex t rac t ion  procedures described i n  t h i s  r epor t  w i l l  be determined. 

Additional ex t rac t ion  processes w i l l  be considered, along with o p t i c a l  

r o t a t o r y  spectra  of some other complex b io log ica l  mater ia ls  which may 

be considered general ly  cha rac t e r i s t i c  of l ife,  e.g., chlorophyll. 

Work f o r  t h e  next repor t ing  per iod w i l l  

Speci f ica l ly ,  t he  o p t i c a l  r o t a t o r y  
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8.0 APPENDIX 

Theoret ical  Development of Hodified Form of 
Rat io  of Difference t o  a Constant 

It may be shown t h a t  a l i n e a r  r e l a t i o n s h i p  ex is t s  between the  

modifiedform of the  r a t i o  of the  difference t o  a constant  and t h e  

angiil&- r o t a t i e n  ef EL= q t F c a l 1 y  a c t i v e  substance imder s p e c i f i c  

conditions.  By using a double-beam instrument i n  which one beam 

containsboth a pola,rizerandanalyzer prism and t h e  o the r  beam contains  

only a p o l a r i z e r  prism, t h i s  r a t i o  may be def ined by equation (1) 

where : 

E = the  i n t e n s i t y  of a l i g h t  beam as seen by a photomult ipl ier  

tube i n  t h e  absence of an o p t i c a l l y  a c t i v e  substance. 

an analyzer prism where i t s  op t i ca l  axis is  s e t  a t  e i t h e r  an angle of 

+8 o r  -8 with r e spec t  t o  the  o p t i c a l  axis of t he  po la r i ze r .  

This beam contains  

E = the i n t e n s i t y  of a l i g h t  beam as seen by a photomult ipl ier  
C 

tube i n  t h e  absence of an o p t i c a l l y  ac t ive  substances and an analyzer 

prism. 

El  and E 

presence of an o p t i c a l l y  ac t ive  substance a t  t h e  same s e t t i n g s  under 

which E and E were measured. 

= the  i n t e n s i t y  as seen by the  photomultiplier tubes i n  the  
C 

C 

Mathematically, E may be represented by equation ( 2 )  

(2 )  
2 2  E = A COS 8 

where : 

A represents  t h e  amplitude of t he  plane polar ized beam and 
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cos 8 - represents  t h e  pro jec t ion  of the  plane-polarized beam on 

the o p t i c a l  a x i s  of the  analyzer prism. 

Ec may be represented by equation ( 3 )  

2 E c = A  ( 3 )  

To obta in  optimum s e n s i t i v i t y  i n  the range where the  pnotomuit ipier  

tubes operate with e s s e n t i a l l y  tiie sarcle respzse,  a n e l ? t r d  dens i ty  f i l t e r  

wi th  transmission, 2, may be placed i n  t he  beam which does not conta in  t h e  

analyzer  prism. 

Equation ( 3 )  may now be wr i t ten  as 

2 E c = A  7 ; .  

E can be se t  equal t o  E: 
C 

2 2  2 E = A  c o s 8  = E  = A T  
C 

t he re f  ore : 

T = cos2 8 . 
If an o p t i c a l l y  ac t ive  substance which e x h i b i t s  absorption, s c a t t e r i n g ,  

and circular dichroism i s  placed i n  both beams, equation ( 2 )  may be 

r ewr i t t en  as equations (ha) or (hb),  depending upon whether the  substance 

i s  dext roro ta tory  o r  levorotatory.  

2 
-kjc  - k l c  - kRd c -k2 c 2 ) s i n  (@-a) + c 

( 4 4  
2 

2 

(e-- - e  E 
2 e 2 + % A  e 

2 -k IC  
2 

2 -kfc e -k,fc - 
( e  -kRPC + e-) L COS (@+a) E' = $ A  e 
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where t 

Z = amount of unpolarized l i g h t  passing through the  analyzer 

s ince  s c a t t e r i n g  r e s u l t s  i n  depolarization of plane po la r i zed  l i g h t .  

a = angular r o t a t i o n  produced by the  s o l u t i o n  

k = absorption coef f ic ien t  associated with  the adsorp t im 

of r i g h t  and l e f t  c i r c u l a r l y  polarized l i g h t  by a chromophore. 

%, kL = absorption coef f ic ien ts  associated with the absorption of 

r i g h t  and l e f t  c i r c u l a r l y  polarized l i g h t  because of the i n t e r a c t i o n  of 

an asymmetric environment w i t h  a chromophore. 

k = s c a t t e r i n g  coef f ic ien t  

2 = path length  
& 

c = concentration of o p t i c a l l y  ac t ive  s o l u t i o n  

Under the same conditions,  equation ( 3 ' )  may be r e w r i t t e n  as equation 

(5) i n  which 7 = cos Q, 2 

(5) -kjc -k c -k$c + e  - k L h  )cos 2 8 
e ( e  

2 Ec( = +A e 

Subs t i tu t ion  of equations (2), ( 3 ' ) ,  (ba),  and (5) i n t o  equation (l), 

cance l la t ion  of t he  common terms i n  both the  numerators and demoninators, 

and tak ing  advantage of the trigonometric i d e n t i t i e s :  

2 2 cos x + s i n  x = 1 

2 2 
cos x - s i n  x = cos 2 x 

l eads  t o  equation ( 6 ) ,  
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-kJc -kRgc 

(6) e -  cos 2 (e-a) 2 e- 2 + 1 k 
S 

2 [e-kL' e-kR' "1 c0s28 
R z - =  

ko 2cos 8 

The Z term i n  equation (ha )  may be negelected i n  this treatment  because 

this q u a n t i t y  i s  s m a l l  compared t o  the  t o t a i  i n t e n s i t y ,  as seen by the 

- L - A - - . - l  + 4  -14 o n  +,,he P l I U  bUIIIUA U J . p . L A b A  V U Y V  

Subs t i t u t ing  the  trigonometric re la t ionships:  

2 2cos 8 = 1 + cos 28 

2 
cos 28 = - 2 t  and s i n  28 = - 2 

1- t 
l+t2 l+t 

where 8 

t = t a n  8 

i n t o  equation (6) and simplifying, r e s u l t s  i n  equation ( 7 )  

2 (1-t )cos 2a + 2 t  s i n  

( 7 )  

ks l + t 2  e 2 e 

kO 
R =  -=I---+ 

2 
e + e  

If we s e t  Q e q u d  t o  &so, t a n  8 = 1. 

y i e l d s  equation (8)  

Subs t i t u t ing  t=l i n t o  equation ( 7 )  

PIP c k k j c  

2*2a. (8)  
2 e-- e- 

S 2 

0 L 

k 
R = F = l +  

-%I 

By allawing 8 = h5', t he  (1-t  2 )cos 2a term i n  equation ( 7 )  becomes equal 

-k I C  
e + e  

to 0. 

Multiplying both the  numerator and demoninator of equation 8 by 

k,,fc k$c 
e- 2 

n e- 2 



l eads  t o  equation ( 9 )  

(kL - $ ) I C  

T - q F -  ( 2  s i n  2a). kS e2 
kO 

R = - 1 +  

e + 1  

(kL-kR )IC 
Akjc 

2 
’ equat ion (9)  may be w r i t t e n  as 2 If we l e t  x = - = 

X 
( 2  s i n  2a). e k 

kO e2x +1 
R = -  = 1 +  

( 9 )  

and s i n  2a can be expanded i n  a power s e r i e s  ex 

e2x + 1 
Both 

around zero. 

It can be r e a d i l y  shown t h a t  the s e r i e s  represented  i n  equat ions (11) 

and (12) converge f o r  all values of x and a. I n  addi t ion,  the  s e r i e s  

represented by equation (12) converges r a p i d l y  when -1 < a < 1. If R 

i s  p l o t t e d  as a func t ion  of  a, it should be symmetrical with r e spec t  t o  

the  a axis because only even-power terms e A s t e d  i n  the s e r i e s  represented  

by equation (12). 

of the  s i g n  of x because only even powers of x e x i s t  i n  this series, and 

i t  a l s o  converges r a p i d l y  -1< x < 1. S u b s t i t u t i o n  of equat ions (ll) and 

The s e r i e s  represented by equation (11) i s  independent 

(12) i n t o  equation (10) and combining terms r e s u l t s  i n  equat ion (13). 
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For angular ro t a t ions  less than 6O, equation (13) reduces t o  equat ion (4). 

ks -- 

kO 
R = - = 1 + 2a 

If it i s  considered t h a t  t h e  i n t e n s i t i e s  of both beams in the polar imeter  

may d i f f e r ,  equation (3 ' )  can be rewr i t ten  as 

where : 

B = amplitude of Flane-polariz?d beam i n  the  channel which contains  

tne  IW utral dens i ty  f i l t e r  . 
2 Since Ec # E i n  equation (21, it can be assumed t h a t  7 f cos 0; therefore ,  

i n  the presence of an op t i ca l ly  ac t ive  substance, equation ( 5 )  i n  modified 

t o  equation (16) 

Subs t i tu t ion  of equations (151, (141, (21, and (ha) i n t o  equation (l), and 

again neglecting the  c term, leads t o  equation (17) 
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-k./c -k kc -k $ 6  . -kL\c 2 
e ( e ' 7  R + e  2 ) cos2 (O-@c) t; 2 k 

R + + A  e 
0 

2 2  A cos 8 
-2 .(17) B T  

Cancellation of the  common terms in both the nwnsratcr and denominator, 

and taking advantage of the trigonometric ident i t ies :  

2 2 cos x + s i n  x = 1 
'2 2 cos x + s i n  x 5 cos 2x 

equation (17') m a y  be rewritten as equation (181, 

Equation (18) i s  the same as equation ( 6 ) ;  therefore, the rati6, 8, is still 

related t o  angular rotation by equation (14). 
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